The shift to competency-based medical education (CBME) is ushering in a need for frequent, criterion-based, authentic assessments of learners that incorporate qualitative measures. 1 These qualitative measures will play significant roles in elucidating resident performance for assessment. 2 To assess resident competence, generalist programs such as emergency medicine (EM)-which must cover a broad content and skills baserequire a substantial number of workbased assessment (WBA) instruments that may include qualitative as well as quantitative measures.
Problem
The shift to competency-based medical education (CBME) is ushering in a need for frequent, criterion-based, authentic assessments of learners that incorporate qualitative measures. 1 These qualitative measures will play significant roles in elucidating resident performance for assessment. 2 To assess resident competence, generalist programs such as emergency medicine (EM)-which must cover a broad content and skills baserequire a substantial number of workbased assessment (WBA) instruments that may include qualitative as well as quantitative measures.
In this report, we describe the development of the McMaster Modular Assessment Program (McMAP), a novel WBA system designed to integrate both quantitative and qualitative measures to generate robust reports on resident performance in the McMaster University Royal College EM residency program. We report our initial experience using McMAP to assess the performance of residents at the junior and intermediate levels (roughly postgraduate years 1 and 2). 
McMAP development
The McMaster University EM residency program's previous resident assessment system consisted of end-of-rotation reports that contained 67 Likert-scaled items and 2 optional narrative comment fields. These reports were filled out by a single faculty member at the end of a monthlong rotation. There was no system in place to record day-to-day observations to inform these end-ofrotation reports.
In 2010, our residency program completed a targeted needs assessment to define perceived and identified needs for our resident assessment system. As part of this quality improvement effort, 36/53 faculty members (68%) and 30/31 residents (97%) participated in a series of focus groups and completed a survey. The themes that were identified and triangulated via cross-referencing with the assessment literature are included in Supplemental Digital Appendix 1, available at http://links.lww.com/ ACADMED/A271. 
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Problem
To assess resident competence, generalist programs such as emergency medicine (EM), which cover a broad content and skills base, require a substantial number of work-based assessments (WBAs) that integrate qualitative and quantitative data.
Approach
The McMaster Modular Assessment Program (McMAP), implemented in McMaster University's Royal College EM residency program in 2011-2012, is a programmatic assessment system that collects and aggregates data from 42 WBA instruments aligned with EM tasks and mapped to the CanMEDS competency framework.
These instruments incorporate taskspecific checklists, behaviorally anchored task-specific and global performance ratings, and written comments. They are completed by faculty following direct observation of residents during shifts. The rotation preceptor uses aggregated data to complete an end-of-rotation report for each resident in the form of a qualitative global assessment of performance.
Outcomes
The quality of end-of-rotation reportsas measured by comparing report quality one year prior to and one year after McMAP implementation using the Completed Clinical Evaluation Report Rating tool-has improved significantly (P < .001). This may be a result of basing McMAP's end-of-rotation reports on robust documentation of performance by multiple raters throughout a rotation rather than relying on a single faculty member's recall at rotation's end as in the previous system.
Next Steps
By aligning theory-based assessment instruments with authentic EM workbased tasks, McMAP has changed the residency program's culture to normalize daily feedback. Next steps include determining how to handle "big data" in assessment and delineating policies for promotion decisions.
With the results of this needs assessment in mind, a group of educators at the McMaster University EM residency program collaborated with educators in the EM residency programs at the University of Alberta and the University of Saskatchewan to develop an assessment program organized around the CanMEDS physician competency framework and based on educational theory from the assessment literature. Two-person teams were tasked with developing eight EM-specific WBA instruments. These instruments were structured as focused, partial mini-clinical evaluation exercises (CEXs)-essentially "micro"-CEXs-that could be used in a busy emergency department (ED) environment. Each instrument was mapped to a physician role from the CanMEDS competency framework at the junior level and the intermediate level.
Each instrument was designed to provide a template for clinical faculty to assess resident competence in a key EM clinical task (e.g., performing a history, charting, obtaining consent for therapy) via direct observation. All instruments were peer reviewed and refined based on feedback.
In total, 52 WBA instruments were originally created or adapted from existing assessment instruments. All of these instruments were reviewed by an international panel consisting of four clinical content experts (two American and two Canadian attending EM physicians) and two EM residents (one American and one Canadian). The Americans were from the EM residency programs of Louisiana State University, Michigan State University, and Oregon Health & Science University. Each of these reviewers completed a Q-sort, matching the WBA instruments to either the CanMEDS or the Accreditation Council for Graduate Medical Education competency framework. This method was used to check the system for its relevance (i.e., adequate sampling of competencies), as well as its representativeness across postgraduate years and competency frameworks. Ten instruments were removed during this peer-review process.
The final 42 WBA instruments comprising McMAP were bundled along common themes (i.e., CanMEDS roles) for use during our residency program's four-week rotations. Our residents follow a preset, annual schedule with different CanMEDS roles emphasized each month. The instruments are delivered in a deliberate manner over two years. The 42 WBA instruments are divided into groups of 7 to 8 (i.e., blocks) that emphasize two CanMEDS roles at a time to accommodate focused assessment of practice within a rotation. Each instrument is repeated at least twice per year to allow for convenience sampling based on case presentations that arise each day. This approach facilitates a spiral curriculum with a return to common tasks for greater depth of learning.
McMAP components
Every shift, residents are observed by an attending physician, who rates their performance of a specific, defined task and their global performance. The observation and documentation takes the faculty member 5 to 10 minutes per resident per shift. (For a sample daily task checklist and rating instrument, see Appendix 1. For a sample daily global rating instrument, see Appendix 2.) Specific tasks. Assessment tasks and criterion standards are mapped to level of training, providing milestones for performance. Most of the instruments (38/42; 90%) include a structured task checklist, and all instruments use behaviorally anchored scales, which guide faculty assessors to ensure a shared mental model among faculty raters. 3 The criterion-based, standardized anchors that define each level of achievement (i.e., "needs assistance" through "ready for the next level") assist faculty members in rating residents' performance of tasks in a consistent manner. Nearly all of the instruments (40/42; 95%) facilitate opportunistic direct observation; only 2 (5%) allow for a simulation option (e.g., a hypothetical response in lieu of a real patient case). Figure 1 shows the distribution of instruments by their primary CanMEDS roles for postgraduate years 1 and 2.
Global performance. The daily global rating instrument is completed to capture the resident's global performance of all tasks during that shift. It uses milestonebased behavioral anchors that align to a progression of competence (ranging from "needs assistance" to "ready to be an intermediate resident" or "ready to be a senior resident"). This global rating allows the faculty member to assess the entirety of a learner's behavior during a shift, beyond the specific task emphasized that day.
Exceptional events. In 2012, an exceptional events reporting system was added, separate from the daily WBA instrument, to increase documentation of exceptional performance. This facet of the assessment system allows an attending physician to confidentially submit information about exceptionally good and bad performance to a third-party mediator. Thus far, this reporting system has shown promise in increasing the sensitivity of our assessment system to detect outlier behaviors from residents.
The role of qualitative data
For a McMAP task or global rating instrument to be complete, the rater is required to provide narrative comments to augment the numerical scores. These qualitative data provide a "thick" description of resident performance and prompt formative feedback at the end of the shift. 2
The role of "choice architecture"
To ensure that we continually evaluate and improve McMAP, we are using a continuous quality improvement (CQI) process. Via surveys and focus groups of residents and faculty, we have found that the biggest draw of McMAP is the translation of physician competencies (e.g., CanMEDS roles) into clinically identifiable, EM-specific tasks. The use of behaviorally anchored scales that guide faculty assessors, the use of checklists that deconstruct tasks for residents (and junior faculty) into simpler subelements, and the inclusion of mandatory qualitative comments are examples of the use of choice architecture in McMAP. These features focus faculty members and residents toward best assessment practices. In essence, these assessment tasks serve as a form of "justin-time" faculty development, providing guidance to clinical teachers to help them diagnose areas of concern and achievement for residents.
In addition, the alignment of our WBAs to authentic EM tasks, rather than to generic physician competencies, helps faculty generate more specific and actionable feedback. Whereas our previous system was organized around general CanMEDS roles (e.g., Communicator), McMAP focuses on observable EM tasks (e.g., charting) that can be reliably mapped back to a specific CanMEDS role. Finally, multiple assessments of the components of each CanMEDS role allow for more reliable and specific assessment of a competence across the entire physician competency framework.
Reports
All assessments are directly entered into McMAP's online portal (http:// mcmapevents.wix.com/portal), which aggregates the information into password-protected personalized databases that residents can review as desired. At the end of each monthlong rotation, all data from the instruments completed for each resident (approximately 15 task-specific ratings and 15 global performance ratings, with 30 narrative comments) are compiled from this electronic data collection system to generate a draft report of each resident's performance. Incomplete assessments and borderline/ failing ratings are highlighted. Taken together, these reports result in a sampling of different skill sets throughout the year, with each block emphasizing different tasks, which in turn are assembled to provide an overall picture of each resident's performance over multiple months.
Each resident's aggregated data report from the end of a monthlong rotation is provided to the rotation's preceptor, who performs a thematic analysis. This results in a qualitative end-of-rotation report that discusses (1) the resident's performance on the specific tasks that map to a specific CanMEDS role emphasized during the rotation; (2) the resident's global performance; and (3) tailored advice for the resident for continuous learner improvement. The preceptor flags marginal performances for review by the residency education committee's assessment subcommittee, which recommends remediation plans.
Decision-making processes
To make promotion and remediation decisions, we use a mixed model that incorporates both cut points (i.e., preestablished minimal standards for resident performance) and jury-based review (in which major stakeholders, including residents and faculty, assess the aggregated evidence from the successive months to inform decisions about promotion or remediation). This mixed model is new and replaces a system wherein only the program director and assistant program director would periodically review resident reports and/or exam scores. In 2015, our residency program adopted a continuous review system (overseen by the assessment subcommittee) that flags anomalies in resident performance and advises the main decision-making body (the residency education committee).
Outcomes
McMAP was piloted for junior-and intermediate-level residents in academic year 2011-2012. In the first nine months, we gathered more than 4,000 data points for 15 residents in postgraduate years 1 and 2. These data points were 38% qualitative (written comments) and 62% quantitative (completed checklists, ratings of tasks or daily global performance). Our system generated 64 aggregated score reports and 64 end-ofrotation reports.
To determine the efficacy of McMAP, we audited the quality of the end-of-rotation reports using the Completed Clinical Evaluation Report Rating (CCERR) tool. 4 The CCERR tool, a nine-item scoring system to evaluate the quality of endof-rotation reports, has been previously validated across a wide range of specialties and has demonstrated high reliability. 4 We compared CCERR scores of endof-rotation reports from before and after the introduction of McMAP. We In addition, residents participating in CQI focus groups have noted that a greater incidence of formative feedback has accompanied the implementation of McMAP.
Next Steps
Clinical environments such as EDs require direct observation and assessment of resident performance despite frequent interruptions, nonstandard patient presentations, and competing interests (i.e., patient care versus resident learning). As we have described above, our EM residency program has implemented McMAP, a novel theory-based WBA system with both quantitative and qualitative measures that allows us to generate robust reports on resident performance while keeping pace with the busy ED environment. Key features of McMAP include the following:
• Aligning assessments with the clinical environment. McMAP turns large, abstract ideas (e.g., the CanMEDS Communicator role) into clinically identifiable tasks (e.g., medical record documentation or communicating a management plan to a patient). During our CQI process, this feature has been identified as the most important aspect of the system.
• Being programmatic. McMAP deliberately maps WBA instruments to the CanMEDS competency framework. 5
• Creating a shared mental model. McMAP uses criterion-based standards with behavioral anchors to create a common understanding of expected learner performance among faculty assessors. The WBA instruments are specific to EM practice and help decrease assessor variability through a shared mental model. 3 • Harnessing the wisdom of crowds. McMAP uses multiple assessments by multiple assessors via multiple instruments to ensure a reliable sampling across all of the domains of physician competence. This approach mimics the design of an objective structured clinical examination or the multiple mini-interview.
As of the summer of 2014, we piloted McMAP with senior residents. The McMAP team developed 31 new WBA instruments that were specifically designed to assess senior residents on milestones and entrustable professional activities. Each instrument was mapped to at least one CanMEDS role and designed to assess senior-level competencies. These instruments are divided into 4 blocks, emphasizing ED management, flow, patient safety, and other higher-order skills. There are ongoing efforts to analyze the relationships between residents' junior-, intermediate-, and senior-level ratings in an effort to determine whether we can use McMAP to identify exceptional or at-risk residents earlier via their performance trajectories.
Moving forward, our next steps include deciding how to handle "big data" in assessment and delineating policies for promotion decisions.
Handling "big data" in assessment
More research is needed about processes to combine and represent larger quantities of learner assessment data. During our pilot year, we gathered a large amount of data (> 4,000 data points for 15 residents in nine months). The medical education literature, however, mainly describes processes for handling big data in relation to standardized examinations, which are not intended for either longitudinal assessment or mixed forms of data. Effective promotion or remediation decisions will require credible interpretation of data, which is incumbent on (1) data representation and score compilation and (2) policies based on defined markers of competence.
McMAP data lend themselves to analysis of an individual resident's learning trajectory, but there are only a few published processes (none of them validated) in medical education to guide the use of such metrics.
Policies for promotion decisions
Without policies to guide promotion decisions, McMAP is merely a comprehensive data collection system. McMAP end-of-rotation reports provide the resident education committee's assessment subcommittee with robust data to inform decisions about promotion or remediation. However, to convert McMAP into a true CBME system, policies that allow for the tailored progression of learners as a function of their assessments and learning trajectories are required.
Recognizing that competence is often task specific, and not generalizable across all EM domains, we must determine at what point a resident should be permitted to advance to a more senior role. For example, does every milestone need to be achieved for a particular stage of training to justify promotion, or must a resident achieve only a key, representative sampling of milestones? These questions have yet to be answered.
Conclusions
McMAP provides a functioning model for a WBA system that incorporates both task-specific and global assessments of resident performance and generates a significant amount of specific and informative qualitative and quantitative data on each trainee. The assessment instruments provide faculty assessors with rubrics to align their frames of reference and provide just-in-time faculty development. By aligning assessment instruments with authentic EM work-based tasks, this novel system has changed our residency program's culture to normalize daily feedback. • Performs basic procedures safely with minimal supervision
• Effectively communicates with patient and colleagues (e.g., forms effective working relationships)
• Is consistently professional
• Develops a plan to begin remedying knowledge gaps, limitations, deficits in exposure
The intermediate resident displays ALL of the following:
• Functioning proficiently and efficiently in the ED environment (culture, logistics, collaboration)
• Displays exceptional and nuanced knowledge of EM evidence and basic science*
• Able to independently and accurately examine, diagnose, and determine care plan for most patients (including the critically ill)
• Able to perform procedures safely with minimal supervision
• Communicates efficiently with patient and colleagues (displays empathy and forms good rapport)
• Role models exceptional professional behavior*
• Skilled at reflective practice and insight into own limitations, knowledge gaps; able to self-identify and plan for continued improvement *Must comment below or flag this through the exceptional events system
Comments/Concerns/Feedback
Date
Assessor Initials
Resident Initials
Abbreviations: ED indicates emergency department; EM, emergency medicine. a The global rating, or shift rating, encompasses all aspects of the CanMEDS competency framework. 5 The behaviorally anchored rubric contains specific explanations tailored to the learner's level of training. The comments area requires raters to provide qualitative commentary on overall performance during the whole shift to allow tracking of other competencies not specifically observed in the day's task. b The daily global rating is completed by the faculty rater at the end of the shift. Earlier in the shift, the faculty rater would have completed the specific task worksheet. For a sample daily task checklist and rating instrument, see Appendix 1.
